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" OXIDATION OF NITROGEN AND BALL

LIGHTNING ] -
V. L. Martynov ) ’ -

In recent times the interest in ball lightning has grown
considerably. It has beei the work of the American physicist
Barry‘ on experimentally producing a laboratory analog cof ball
lightning which has stimulated the interest. As Barry describes
it, in inducing an electr.cal discharge in a gas mixture of air
and 1.%1.8% propane there develops a brightly glowing tall of
a yellow-green color measuring several centimeters in diameter.
The Ball "rapidly and haphazardly moves about the chamber and
quletly disappears.” Its Jifetime is about 2 s.
mixture is infected it incraesses.

When a gas
Under the assumption that

the atmosphere contains areas with an increased concentration of
‘hydrecarben, Barry, at the Degimning of his work,describes natural
ball lightning as the result of combustion c¢f such hydrocarbons
after electrical d*scharges. The usual concentration of
hydrccarbons in the atmosphere does not exceed 10'“%, and this
concentration dees nct explain all of the examples of the behavior
of ball lightning afforded by the mcdel as Barry justly observes
at the end of the article. The reason for it again becomes an

open question.

"Journal of Atmospheric and Terrastrial Physies," Vol. 30,

. 313, 1968.
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The thing which most intrigues those who would solve the
riddle of ball lightning is the source of its energy. For sone
the energy enters Irom the outside (radio waves, electrostatic
fields, etc.); for others, and this group predominates, ball
lightning is a stable plasmoid which has accumulated the energy
of an atniospheric electrical discharge.

If preference is given to the hypothesis of chemical combus-
tion, then we will solve the problem from a different angle.
Since the concentration of hydrocarbons in the atmosphere
is negligible, we turn to the other components. Let us examine
the triple gas system of nitrogen, oxygen, and water vapors -
the basic atmospheric ingredient.

Is it :-ossible that in such a system of Ny, 05, and H,0
vapors there are chemical processes whlch occur with heat libera-
tion? It does appear possible ~ a synthesis of nitric acid based
on the oxidation of nitrogen.

The general balance reaction is as follows:
Y oto, + hHQ 5[0 = U,
2t TR t O Vs

The thermal effect of the reaction! for Hy044

A Hlﬁé == ”ficc - ['/2.("' 68526‘)} =« 99 cal/mole;

for the case of H26 vapors, HﬁO? vapors:

Au.m - .,Ioo cal/mole.

‘kocording -to data from the handbocks '
af IﬁﬁivéduaE Substances,™ Vol. 1,2. Ei$
izd. Academy ol Sciences, 333&; M. Kh., Har
Karapet'vants, "Primary ?ﬁex cdynamic Conz
Organle Substances,” 1958,
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If we consider possible error in the quantities.
used "rop Hy0 < £100 cal/mole; HNO3 X 21500 cal/mole"
of the thermal effects will be as follows:

which are
the valyes

Byt

g il

&My = 29100 % 1600 cal/mote
bHyy = =3100  * 1600 cal/mole,

1.e., and in a refineq variaiion the

reaction occurs with heat
liberation.

The stoichiometric composition of the mixture in
volume percentages: nitrogen (22.2%), water vapors (22.2%),

orygen (55.6%), i.e., it differs from earth atmosphere in its 7 :
concentration of Oxygen and water vapors. : ;

Unéer ordinary

conditions sush 3z reaction cannst tegin,

despite the fact that it occurs with heat liveration - evidence
of which 1s the coexistence of water vapors and azi
type of change. The basic obstacle
and ocurrence of such a reaction is
the energy bearer, which is created
"splitting" the nitrogen atom, N

Wk bl oy

r without any
which prevents the beginning
the considerable size of

as energy is expended in

20
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In the case of a two~component system of H2 and 02 the
- nitrie acid 1s synthesized by means of nit
- however, unite with the water and
hand the formation of t

DA, v g

rogen oxides, which,
produce HNOB. On the other

he nitrogen oxides is associated with
the energy spent (per mole of NO 21,600 cal

thus the synthesis of I«INO.i is onlv
this energy bearer.
an expendi

are spent), and
acccmplished by overcoming
Technically this bearer is ¢rossed with

ture of the same énergy using a somewh
First, ammonia is cbtained, then
nitrogen.

A ARSI b o,

3t 1ndirect route.
it 1s oxidized into oxides of

Let us examine a three-component system of N

29 02, and
vapors of HES. In practi

ce 1s it possidle in this systs

"
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make the synthesis reaction of HN03 self-sustaining, taking into
account the fact that it occurs with : 'at liberaticn? For this
reason we must cycle the energy of overall heat liberation to
losses invalved in the initial "splitting" of the N2 moiecules,
Yet heat 1liberation begins only after this energy bearer is
cvercome. We find that there is nothing with which to
compensate the initial losses, i.e., thne reaction cannot begin
spontaneously. In orcder to "accelerate" it we must artificlally
intrcduce enérgy into the system, so that later, after tb

losses and heat liberation has beer. balanced in all stages u: che
reaction, the system can be brought into a self-sussaining
regime. This formation of an energy ring cen be achieved by
giving the reaction zéne the shape of a ball. Note one 1mpértan£
condition, which indicates the possibility of constructing and
maintaining symmetrical geometry: in volume the original products
of the reaction have been Nss 02, and H50 vapors are 2.25 times
greater than the final products - vapers of nitric acid.

Of course, at the present moment it is not possible to fully
describe the kinetics of such & ‘process for the three-component
system (NZ’ 02, H20). Even for two-component systems, for exampie,
the combustion of carbon monoxide, there is no single viewpoint
which covers all the details of the reaction, although the reaction
itseif has been successfully used for a leng time.

For the initial impetus of the rezction we create from the
external energy source a high-témperature zone - a "priming region"
as it were, with a temperature of 3500-4500°C. As a result of
the temperature effect in this region the water vapors will break
down and there will be a dissoclation {partial) of the oxygen
and nitroger mclecules. These initial expenditures are required
in order to overcome the energy bearer, which is linked with
the dissociaticn of the nitrogen molecules. For new porhioné
-of- the components these expenditures will be compensated by the
heat literated by the reaction which has besun. In the structure
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of its thermal [lurxes the pro
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cess is similzr ¢ alr neating -
et

amponenus are heated ty the cutgolingz rezeti
n cecurs acguires

products. The zone in which the reactis the shapne
of a "burning ball." As menticned atove, conditisns 42 ezisy four

this
than the reaction products:

maintalining shape - in vclume the incoming components are 2.z75

times greate thermal pressure wiil
o= compensated by the pressure of the radlazlly incoming originzl

-

components.

hs the original moment {or describing the Interrelzted
incties and structure of the "burning ball" we must study the

?\'

[14]

ntire system of ! uz, 92, and H20 &s a whole, and not Jjust n2 and

02 aitr subseguent addition [to the produzts of thls system of

321 vaiors. A descrigtion of volume reactions for such a]* triple
system At difTerent temperatures cannct be found in the literature.
Thir
comple.. and tranched, even in binary syst
comhustion of hydrogen, the most studied system, up t4 ten differsnt

iz not svrprivling, since volume reactions are eztremely

1
@mS. Thus, in the

reactions and ﬂompound° which are not tc be foun

d
ks, , ¥.4,.,

GELIEEND gnt ‘different

.N

~ceur,
inal product appear and disappear: 0 , e(,{

in a mizture <f nitrogen and air
reactions :zn occur, yielding 0 , I\l . O

w
i

gifficult ts think up lzrge number of rezctions
Thes2 might include

(H, which

1t

i

is not
thzir sequence. - Intermedliate
compounds such as M5, HHO, and

There would be little value in writing them, however.

and te arrange
are stable at high

temperatures.

Only a quantitative comparison of experimental data with
the —~etical calculations will enab: us t¢ select ané describe

the ni "«ssary sequence of reactions and the branching of chains

and will enable us to isclate the active center.
*ITranslator's Hote: Brackets represent later handwritten
insertion by the zuthor. ]} .
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For the system of Nz, O2 andino we must descrlbe the
reactions in a wide temperature range - from the center of the ES j
"burning ball," where the¢ highest temperature is to be found, B ‘
to the peripheral part with atmospheric temperature, -

|
v
R
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It might be prcposed that the presence of the third
component - water vapors - lowers the energy bearer and that the
role of the acztive center belongs not to NO, but to another
compound. Studies of this kind of ternary systems enable us
to judge the correctness of opinions which have been expressed.

ol L B

find now the question: How does ball lightning relate to

ali of this? x
§,It is proposed that such a self-sustaining combustion of

nitrogen occurs in ball lightning.{iﬁowever, the presence of
excess\nitrogen in relation to the symmetric composition of the
react;dﬁ leads to the situation where bail lightning exists fof
a limited time, which at the most can be counted in minutes.
The excess nitrogen, which participates in the transport of the

A M R0 S 6 B o 43

O A

incoming comporients, slows down the reaction. Heat is used to
warm it and as a result we have a breakdown in the thermal
balance prior to the critical state, where the reaction figures.

A great number of factors must be combined in order tc
roduce ball lightning, and this seldom happens. In addition

to optimal air moisture (ball lightning will not develop in

DN A T R Tt L T T
b O TN
¥ 4, b " f i
REEtelebal et S B Bl LA

£ dry air), it is important that the induced atmospheric discharge
%% - ¢reate a high-temperature zone which is of sufficient length,

§§ and which exists for the amount of time required to¢ unite the

ég diffusion and transport reaction processes, in cther words,

=

e
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the more favaorable and longer discharges. N

The proposed model represents only a rough approximation

of the actuzl phenomendn. In experimental study it undoubtedly

FTR~HT-23-430-73 * 6
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wlll reveal a whole range of properties no less interesting.
Some of them can be described 'ypothetically.
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1) For the described structure of transport motion of
raw and reaction products from the periphery toward the center . .
and vice versa a separation of charges and the formation of ’
electrical layers of different poles, 1like a spherical condenser,
is inevitable because of the disparity in the velocities of the 3
individual ions which participate in the reaction. As the <
charges accumulate breakdowns develop, which are characterized ]
by crackling and slashes in place of a diécharge. It 1s realistic
to assume that the individual charges also have an effect on
thé-chemical processes.

b ool o s

L

2) Since in volume there is 2.25 times more ingoing
components than final products and since the nature of their
movement is radial, then there can develop (and in fact is
observed) a rotation in ball lightning. The effect has a self-
triggering nature and begins when the individual streams of incoming
gas deviate from the radial course. In hydrodynamics a close
analogy of this effect 1s the vortex addys which are formed as
2 fluld is discharged through an opening which is considerably
smaller than the receptacle.

Wi o ] e

3) The breakdown in the thermal and material balance can
gither terminate the reaction, resulting in a graduazl dispersion
of residual heat and components of the system, or the reacticn
. = can take the direction of forming new products, in which case

= the decomposition might have an explosive nature. The possibllity

of explosive composition does exist, for example, NO +'H2.

b S oy RS0 v s s TR

'~ The proposed model does not pretend to offer a full
explénatién for ail of the properties and the strﬁcxure of tall
lightning; many statements made are subject To d¥sguss:on. The

=

most important thing in the opinion of the author s the fact that

FID-HT-23-430-73
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an attempt has been made to establish the existence of energy
in ball 1lightning. Any theory which has been experimentally

confirmed does havea right to live, and this certainly applies
to the present work.
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